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SUMMARY 


Full-scale static investigations have been conducted on the Quiet Short-Haul 
Research Aircraft (QSRA) to detennine the thruat-deflecting capabilitiaa of the 
clrculat ion-control-wing/upper-surf ace-blowing (CCW/USB) concept. This achama, 
which combines favorable characteristics of both the A-6/CCW and QSRA, employs the 
flow-entrainment properties of CCH to pneumatically deflect engine thrust in lieu 
of the mechanical USB-flap system. Results show that the no-moving-parta blown 
system produced static thrust deflections in the range of 40^-97* (depending on 
thrust level) with a CCW pressure of 2,089 >« 10® Pa (30.3 psig). In addition, the 
ability to vary horlsontal forces from thrust to drag while maintaining a constant 
vertical (or lift) value was demonstrated by varying the blowing pressure. The 
versatility of the CCW/USB system, if applied to a STOL aircraft, was confirmed, 
where rapid conversion from a hlgh-drag approach mode to a thrust-recovering waveoff 
or takeoff configuration I’ould be achieved by nearly instantaneous blowing-pressure 
variation. 


INTRODUCTION 


Research in powered-llft aerodynamics to provide STOL characteristics for both 
military and commercial aircraft has led recently to the development of both the 
NASA Quiet Short-Haul Research Aircraft (QSRA), built by the Boeing Commercial Air- 
plane Co” 'ny, and the Navy/(?ruTnman A-6/Clrculation Control Wing (CCW) flight demon- 
strator aircraft (figs. 1 and 2). In a recent concept developed by the David Taylor 
Naval Ship Research and Development Center (DTNSRDC) , the f low-entralnlr,g properties 
of the CCW trailing edge are utilised to deflect engine thrust in a manner similar 
to that in the upper-surface-blowing (USB) concept used in the QSRA and YC-14 air- 
craft. 

The concept benefits from powered-llft characteristics similar to those of the 
QSRA and YC-14 aircraft, but obtains those characteristics pneumatically instead of 
mechanliaUv. The CCW/USB ronrept la shown schematically in figure 3 and is shown in 
a twin-engine STOL aircraft configuration proposed by DTNSRDC in Figure 4, On the 
proposed aircraft, both the outboard CCW lift-augmenting wing section and the 
Inboard CCW/USB thrust-deflecting section are composed of small, circular, no-moving- 
parta trailing edges; the mechanical flaps otherwise used on the QSRA and YC-14 are 
completely eliminated. Both inboard and outboard systems have been investigated 
statically and dynamically In model scale (refs. 1-4), and CCW alone has been 
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fUtht>v«rlft«d (r«f*. 5 and 6); howtvari fuU-to«l« oparatlon of eh« CCW/U8B eon* 
figuration In tha mlxad flow axhauat of a turbofan angina had not baan atta«ptad. 

Tho QSRA la a NASA flight raaaarch facility uaad to davalop propulalva-llft 
concaptii Hanca, a joint NASA/Navy itatlc taat wax undartakani with a rapraaanta- 
tlva CCW/USB configuration inatallad bthlnd ona angina of tha QSRA aircraft, which 
waa undergoing propulBlon-ayatan/alrframa Interaction taatlng on atatlc thruat 
atanda at Amaa Reaearch Canter. Tha praaant Invaatlgation waa Intended to confirm 
full-scale Btatlc-thrust deflection produced by CCW/USB, compare that thruat-turnlng 
to model-scale results, and Identify any problems produced by the mixed-flow exhaust 
of a turbofan engine. 

Contributions by Patricia Nerio, design of the CCW trailing edge hardware; Henry 
G. Montoya, fabrication of the CCW trailing edge hardware; Dalton L. Mounts, aircraft 
operations; Michael Monluszko, Instrumentation; and Mlchio Aoyagi, In support of data 
system development, are gratefully acknowledged. 

SYMBOLS 


A 

noz 

“j 


CCW slot exit area, m^ (In.^) 
engine nozzle exhaust area 

speed of sound In CCW slot exit, m/sec (ft/sec) 
A, ’ . 2 


J 


In. 


F 

^’fuel 

h 

Mom 

"j 

I 

‘'a* S 

x,z’ z,x 

K , K 
x.xz z,xz 


I. 



calculated or measured force, N (lb) 
fuel volume used, m-^ (gal) 

.iccelcrat<on due to gravity, m/aec^ (ft/m c‘ ) 
nominal impressur I I’od (U.l slot height 

C'CW slot height, m (In.); actual presHurized CCW slot height 
initial force or loading measured at load pad, N (lb) 
balance temperature sensitivities, 1/®C (1/*F) 
first-order balance sensi tlvitles, 1/N (1/lb) 
second-order linear balance sensitivities, N/N (Ib/lb) 
second-order nonlinear balance sensitivities, 1/N (1/lb) 
measured load or force at each load pad, N (lb) 
engine exhaust mach number near CCW slot 
CCW slot Mach number 
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A 





InsCalled 


resultant 


Subscripts t 


<r/g slot flow rat* kg/a«o (•luts/aoe) 
atraln-|«g« balanco output, V 

fan apaad 

pressure, N/w^ (Ib/ln.*) 
standard day atmospheric preaeure, Ib/in.^ 
universal gas constant; ■ 53.3 
temperature, (”F) 

standard day atmospheric temperature, degrees 
calibration temperature of flexure beam, *C (*F) 
balance temperature at static measurement, (^F) 

Installed e: glne thrust, Including flap, nozzle, nacelle, and 
vortex generator losses 

resolved engine thrust after turning 

balance temperature during load measurement, (*F) 

velocity, m/sec (ft/aec) 

balance excitation voltage, V 

weight of fuel, N <lb) 

USB flap deflection angle 

slot weight flow rate: (m)(g): 

resultant force angle (see fig. 17), rad (deg) 

wind angle to aircraft body axis, rad (deg) 

fuel density, kg/m^ (Ib/gal) 

ratio of specific heats. Air at std. cond., y ■ 1.4 
c 

V 


air 

duct; CCW plenum: total pressure or temperature 
1,2,3; station location (see fig. 17) 




J 


R 

W 

X 

z 


ORIGINAL FAGl Ij 


T«tulcant 

wind 

horizontal 

vertical 

free stream | ambient 


AIRPLANE DESCRIPTION 


The QSRA la shown making a carrier approach In figure 1, and the . 

eeneral configuration Is shown in figure 5. The fuselage Is that of a deHavilland 
C-8A Buffalo with structural reinforcement In the aft section and new fairings at the 
win^Sody intersection. The C-8A empennage was used without structural or aero- 
dynamic modification, but the landing gear was modified to increase the sink rate 

capabilit> of the aircraft. 

The QSRA wing, designed and fabricated by Boeing, has a wingspan of 22.4 m 

a wine area of 55.74 m^ (600 ft^), and quarter chord sweep of 15 . The 
cenUr section of the wing is sealed to form two integral fuel cells which oontain a 
to^rof 4535.9 kg (10.000 lb) of Jet A-1 (JP-5) fuel, fined leading-edge 

are slotted in order to provide boundary-layer control aerodynamically. The trail! g 
edae on either side of the centerline consists of two USB flaps, a double-slotted 
tup. "nd fd^ooped, blow. blUron. (Additional aircraft da.crlptlva Inlonnatlon 1. 

contained in ref. 7). 


PROPULSION SYSTEM 


:ra^ri izz :rr^raf%u:jra!5; :n.m.. 

The enaine weighs 5,412 N (1,215 lb), has a basic diameter of 1.077 m <^2.4 in.), 
and an overall length of 1.62 m (63.8 in.). Including the fan spinner} the fan has a 
diameter of 1.024 m (40.3 in.). Although the rated thrust of Jhe engine is 33,361 N 
n 500 lb), the standard-day value of installed thrust is about 27,801 N (6,250 lb), 
oltailed information on the engine performance characteristics and the propulsion 
system design is given in reference 8. 


QSRA PROPULSIVE-LIFT SYSTEM 

The external nacelle (fig. 6) of the QSRA is composed of two main assemblies. 
The structural cowl and nozzle assembly is attached to the 

In^n"Suiid-up assembly is mounted to this structure. An inlet is attached to the 
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.«!« » .hown “rciu. r, « :«.Tu »th. 

s;;« niEi.2i!:;! «.«>.« .ith .hi: «. o< h..e.>..i.t«t «.«i.u i» th. 

wing flap* and trailing edge. 


Hosele Dealgn 

centerline to mlniralre heat effects on the wing. 

The flow areas in the fan duct and core-nozzle exit plan 

Btud to provide P®'*”™"'* ‘”°e«!^ !S*j!ov"ded by the flnel «c1t 

control on etablllty ® “f .“Hd ihe exhauet Into . thin eheet. 

area of the D-nozzle. The exit is des g effect, over the USB flaps, thus 

which is then turned, in accordance wU^^^^ the Jet Let In providing this pro- 
providing propulsive lift. The etticiency .hape of the D-nozzle exit. For 

s'preSfJe enhanced. eapeclaU, with one engine Inoperative, by 

a cutout that opens toward the adjacent nacelle. 


Jet Spreading 

Figure 7 abowa the cutout In the right Inboard 

Btancea. this ut sheet'over some portion of th. adjacent 

component of flow and spreading th J however, this spanwise corapo- 

lndS“thrjeraheet ti extend beyond the physical boundarle. of th. 
ScS «ilU^ edge and thereby slightly decreased Its turning potential. 


Jet Mixing and Rotation 

e: ;rrst;x“:.r..!= 

and exhaust vanes. 

Vortex teneratMS - “"j‘”j^.'°““cj\ritiptovrthe^ »» 

engine (fig. 7 ). The forward row la designed to im,r developed to 

th. primary flow and to f'-'f. Inoperative during flight. 
:Xig“ Jjre?L p 1 beae vortex gene« 

HHirsHiSl ■“ “ - “ 
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rotational valoclty componanta in tha USB Jat at low to Intarmadlata powar aattlnga. 
Thaae rotational flow componanta ara known to affact apraading and to eauaa tha Jat 
to move In a apanwlaa dlractlon whan tha Jat la deflected (raf. 8). The net effect 
of thla flow movement la to reduce the effective turning angle of tha USB flapa; 
hence, It would also decreaae the turning potential of the CCW trailing edge at low 
to intermediate power aettlnga. Thla effect la partially offaet by the vortex gene- 
ratora. 


CCW TRAILING EDGE DESIGN 


This Investigation was intended primarily as a full-scale static proof of con- 
cept. Therefore, the test configuration was developed as a simple bolt-on configura- 
tion to be installed behind one inboard QSRA engine only. Since no flight testing 
was intended, Che configuration was not designed to be airworthy, and the air supply 
to the CCW trailing edge ^as provided from external ground air-start carts instead 
of from engine bleed. The test configuration (fig. 8) is based on CCW parameters 
supplied by DTNSRDC and found effective in past development. The trither large- 
diameter circular pipe was based on the trailing edge tested in reference 3, and was 
Installed to assure adequate CCW Jet attachment and engine thrust turning. Smaller 
diameters are he.tng investigated in model-scale. Ames Research Center was respon- 
sible for configuration design, construction and Installation of the CCW device, test 
setup, instrumentation, and data reduction. 


Mechanical Design 

Aluminum was chosen as the design material because of Its availability and light 
weight. Tlie CCW device could not be mounted directly at the trailing edge of the 
USB flap because tlie f L.ip bracket fairings pi.otiuded oft of the flap and slightly 
above it; this necessitated the long plate leading up to the noc.zlc, as shown in 
figure 9. The CCW was to bo mounted on a series of existing brackets located on the 
under surface of the flap, which had been used for other test hardware; hence, the 
requirement for light weight. Further calculations showed that the air-hose con- 
nections (fig. 10) and the lift that would he generated on the CCW trailing edge with 
high USB thrust levels exceeded the strengtl\ of titese existing brackets. As a result, 
the flap support w.is redesigned so tliat the loads were transmitted directly from the 
CCW trailing edge to tlie main landing gear by a support strut (fig. 11). 

CCW trailing edge • The end view of the CCW trailing edge (fig. 9) shows Its 
major components: UT the 0.25A-m (10-in.) dla. tube, which provided both the turn- 

ing surface and the air supply Inlet; (2) the welded plenum chamber; (3) the plate, 
which Is also the adjustable nozzle; and (4) the air-supply-cart hose connections. 

Turning surface — A standard 0.245-m (10-ln.) din. tube was chosen in order to 
provide the required CCW radius with a high degree of precision. As shown in fig- 
ure 9, two alr-supply-cart hose fittings were Installed on the lower surface approx- 
imately 3.14 rad (180*) from the ad)ustable nozzle. A series of holes between the 
pipe and plenum assure even dlslr llmtion of air with low Mach Number (less than 0.2) 
even at the maximum air-flow rite of 1.82 kg/sec (4 Ih/sec). 

Instrumentation — Static-pressure and temperature Instrumentation was installed 
In the plenum chamber at the center tif the plenum between the supply pipes and at the 
outboard end of the plenum. This instrumentation was so installed that the pressure 


6 


and t*mp»r«tur« maaaHramanta wara mada at tha laval of tha row of aupply ho la a Into 
tha planum and thua could glva an indication of tha uniformity of tha planum air flow. 


Problem Araaa 

Aluminum waa choaen for atrangth baaed on aoma preliminary aatlmataa of tha alr- 
aupply temperature. During the initial proof teat it waa found that the tmperatura 
of the air In the air-supply ground carta waa running about 30 C to 40 C higher than 
anticipated; Che result was a significant reduction in material strength and atruc- 
tural life. A second problem area Involved the effect of thia design on Che CCW 
jet's static turning efficiency. It waa noted that air leaks at the plenum 
combined with edge effects, resulted in reduced turning over approximately the 0.05- 
to 0.07-m (2-3-in.) length from each end. In addition, there waa a reduction in 
turning in the vicinity of the air-start ground-cart hose inlets. Both of these 
effects were noted qualitatively during the proof teats, but quantitative measure- 
ments of loss of static turning could not be made. Although the Influence of bheae 
effects on the Installed CCW-USB turning cannot be determined, it may be assumed that 
turning would be slightly less than predicted from previous tests. 


GROUND TEST 


Aircraft Force Measurements 


The lift and thrust forces and, hence, turning angle, acting on the QSRA were 
determined by summing the axial and normal forces acting on the landing gear. These 
axial and normal forces were measured at each gear station by a load p.ad, using a 
calibrated strain-gage flexure beam. These load pads, originally developed by Boeing 
for QSRA ground testa, are bolted to steel anchor plates Installed on one of the 
aircraft run-up areas at the Ames Research Center V/STOL Test Site. The main land- 
ing gear and nose gear load pads are shown in figure 12, and the aircraft is shown 
mounted on the load pads in figure 13. The airplane wheels are firmly clamped to a 
plate mounted on top of the load pads, and the airplane Is leveled with respect to 
the horizontal. Plywood shields arc located behind the main gear pads to prevent hot 
gas impinging on tlie load pads during engine operation wit high flow turning angles. 
The load pads are electrically heated to minimize strain-gage temperature fluctua- 
tions and to keep moisture off the flexure beam and the strain-gage terminal “trips. 
The load-p.'ul temperatures and strain-gage excitation voltages were manually recorded 
before and after eaeli run and Uu' strain-gage outputs were channeled into the air- 
craft's flight data systoi.i and rt .irded eontlnuously. The strain-gage bridges are 
excited by the regulated power supplies built into the aircraft's data system. 


Aircraft Data System 

The QSRA Is equipped with a high-speed data system composed of transducers, 
signal conditioning equipment, a telemetry transmitter, and a tape recorder. This 
system makes measurements, telemeters data in real time to a ground data facility, 
and records slgnll leant airplane and ground instrumentation parameters .or post-teat 

analysis. 

Data from the transducers are transmitted to the analog and digital network 
panels, which provide the necessary signal conditioning. The conditioned data then 
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p«ia to th« romoto multlploxor-dlgltlior unit (ItNDU), which adjuata the galna to a 
programmad laval, provldaa analog to digital eonvaralont and aneodaa tha data In a 
pulaa-coda nodulacad aarlal bit atraam. Tha data from tha RNDU ara raeordad on a 
atandard 14-track« alrbornai magnatlc tapa raeordart thay ara alao talanatarad via 
L-band tranamlaalon to a ground atation for raal-tima data monitoring, Tha aircraft 
data ayatam contalna a tlma-coda ganarator, which furnlahaa correlation for tha data, 
Separata, praclalon low-voltaga power auppllaa located In the aircraft 'a analog 
network panala furnlah tranaducar excitation power where required. A note datrllad 
daacrlptlon of ayatem elonenta la given in rafaranca 7. 


Meteorological Meaaurementa 

The aircraft is equipped with Inatrumentatlon that accurately meaaurea atmo- 
spheric conditions In flight; however, most of these sensors are of limited use 
during ground testing. In order to have an accurate assessment of the wind speed and 
direction, air temperature, humidity, and barometric pressure, a Mat One weather 
station was Installed on the test site. This station (fig. 14) was located several 
hundred feet from the aircraft at about wing level ■ This location was chosen so 
that the atmospheric readings would be representative of those at the aircraft but 
would not be influenced by it or the ground-support equipment. The meteorological 
data are converted to both direct readout and to analog signals by the Met One 
weather station. The direct readout was used as an aid by test personnel at Che 
site, and the analog signals were clianneled Into the aircraft data system, giving a 
continuous record of atmospheric conditions during Che test. 


Test Procedures 

The data arr telemetered to a ground Ktatton for real-time processing and are 
alao recorded for post-test analysis. The tout is directed from tha ground station 
with radio communication links bntwneu the tost site, aircraft, and the ground 
station. 

Test plan — The general plan cons is tod of advancing the left inboard engine 
power settings (fan speed) In even increinents from ground idle to maximum power 
and then decreasing the settings in the natne manner. Kach setting was held for 30 
sec before proceeding to the next condition. A list of the individual test condi- 
tions Is given in table T. Static measurements were made before and after each data 
run in order to verify data system operation and Lii provide the loads-hlstory 
required for analysis. 

Because the CCW trailing edge was installed before Che beginning of Che teat, 
the first run was made with the CCW nozzle gap set at 0.102 cm (0.040 in,) with 
no air flow through the nozzle. This test condition set a baseline thrust and 
turning-angle measurement versus fan speed atul also allowed tlie CCW device to heat 
gradually without being under pressure. For tlie next run tlie engine was shut down and 
the CCW slot was gapped to the nominal 0.102 cm (0,040 In.) size. Figure 15 shows two 
technicians adjusting the nozzle gap. The CCW plenum was then operated at msxlmum 
pressure and temperature until all pressures and temperatures In the CCW trslling edge 
were stable. 

Based on the results ol this run, it wa-; decided that testing would continue 
with the nominal gap. (\flien lu>t, the CC' no.-zlc gap w.is about 10% greater than at 
the cold settings, and it Increased apprt'x Ini.i te I v 70% to 75% when hot and under 
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30.33 X 10** Pa (44 paia) praaaura to about 0,170 cm (0.067 In.). Tha naxt two runa 
wtra mada, raapactlvaly, with two air carta and with one air cart providint air to 
tha CCW tralUni adga whlla the angina waa oparatlng. Tha naxt two runa wara mada with 
tha CCW trailing adga noaala gappad to 0.052 cm (0.020 in.) cold; again tha runa wara 
mada flrat with two air carta and than with ona air cart providing air to tha alot. 

Pparatlonal oroblama ~ In addition to aupplylng air for tha CCW planum, tha air- 
atart carta alao aupply alactrical powar to tha aircraft. During tha taat thara ware 
aaveral power interruptlona to the aircraft electrical ayatam that runa tha data 
ayatem and powera the aanaora, Theae Interruptlona wara cauaad by the aircraft 'a 
frequency protection devicea activating in raaponae to tha apaad fluetuationa in the 
alr-atart cart'a power unit during praaaurUatlon of tha CCW, Although thaae powar 
interruptions were not aerloua from an operations atandpolnt, they did reaet the 
fuel totalizers to zero and thus affected the real-time lift calculations. 

Because of the uncertainty that these power interruptions introduced Into the 
real-time data and because the slot height had not been measured with the CCW device 
both hot and under pressure, the teat was repeated the next day with the larger gap 
setting. Toward the end of the test seriea the CCW pressure began dropping; on 
inspection, it was noted that the adjusting screws were working loose, which caused 
the nozzle slot to grow non-uni formly. After repairing the nozzle upper plate and 
adjusting screws, the test was run again; the pressure then held steady during the 
entire test series. 

Baseline measurement - Upon completion of the CCW test series the CCW assembly 
was removed and the USB flap restored to its original configuration. Then an addi- 
tional test series was run following the identical procedure in the CCW teat plan in 
order to provide a baseline thrust and turning-angle measurement for the USB flap. 

Real-time data processing - The data were telemetered to the ground station for 
real-time data processing. The telemetered data stream was decoded, converted to 
engineering units, and each measured parameter was sampled five times a second. 

Because of equipment limitations, hard-copy updates of the entire parameter list were 
only obtained every 4 sec, Real-time processing was used to provide a check of the 
results to determine the validity of selected parameters that were displayed con- 
tinuously on strip charts and also on alpha-numeric television displays. Theae 
parameters included the CCW temperature and pressure; engine speeds, temperatures 
and pressures; atmospheric conditions; load pad axial and normal forces at each 
landing gear location; and calculated values of the net lift, thrust, flow-turning 
angle, and C(!W slot Jet velocity. 

Tile load-pad force calculations were simplified for real-time processing by only 
accounting for the first-order linear components from the balances (see Analysis 
section). The net thrust was calculated by summing the axial forces from the landing 
gear load pads. The net lift was obtained in a similar manner from the sum of the 
load pad normal forces; however, it had to be corrected for the weight of the air- 
plane. The weight of the airplane was calculated by subtracting the weight of fuel 
used during testing from the Initial airplane weight, as recorded by the load pads. 
This fuel weight was obtained from the aircraft's fuel totalizers, which record the 
amount of fuel used by each engine. Finally, the resultant thrust was calculated by 
taking the vector sum of the lift and axial forces; the turning angle was the angle 
between the resultant and the horizontal forces. 
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External Force Meaeuremente 

The axial and normal forcea at each landing gear location were meaaured with a 
calibrated flexure beam, Inatrumjntad with a aet of orthogonal strain-gage bridges. 
The primary effects on these bridge outputs were the level of force, axial or normal, 
in the direction the bridgt was designed to measure, and the value of input excita- 
tion voltage to the bridge. Besides these primary effects, several secondary effects 
also had to be considered to accurately calculate the input loads from the strain- 
gage outputs. The two most Important of these effects were the temperature variation 
of the flexure beam during the teat versus its calibration temperature, and the 
interaction of axial and normal force through the flexure beam. 

Calculation procedure — The procedure for determining the load-pad forces con- 
sisted of two operations} calculating the Initial loads under static conditions and 
using the outputs of the strain-gage bridges in conjunction with the static loads to 
determine the actual test axial and normal forcea. Since the equations for each load 
pad are similar (except for different constants), this discussion will only show the 
procedure for determining the loads from one load pad. Because the load equations 
contain interaction terms, the normal procedure is to start with a value based on no 
interactions, and then to iterate the equations, using the previous solution in each 
successive Iteration. This procedure is continued until the dl'.erence between 
Iterations is less than 0.005%. 


Static load calculation - The static loads are calculated in the following 


manner . 


The initial loads iteration: 


I m ' 




Subsequent loads iterations: 


I . 5 {K ^ I, + U + K. <f -t )) K I I,) 


my y 

1 . i (K I + [1 + K. (t ,-t J| K, 

^ v.K [1 ♦ K (t.-Ol ^ ^ 


s 


wiam PAW IP 

Wop goAtlTv 


Th* Initial or atatlc loada «r« calculated for each data point over a 30-eee period 
and then an average la taken for the entire aample of approximately 150 po^ntei 
Theae Initial or atatlc loade along with their average load-pad temperaturea and 
excitation voltagei are recorded for later uae In determining the teat loade and alao 
In checking the load pada* a train-gage atablllty. 


Teat loada calculation "■ Once the Initial loade have bean determined, the bal- 
ance loade during a toat condition are completed In the following manner > 


The first Iteratlouei 


AmVjj - Bjf 


V,'! + •=.< V'c>' 


and 


4 “ 


Amv2 - 


v^K^tl + K^(t2-t^)l 


where 


and 




)1 [Iv + K, 


X' 




The terms A mv^ and A mv^ are defined as the difference between the etraln-gage 
bridge output at the teat point and th«'j average of the bridge output during static 
loading. For the second and subsequent load iterations: 


and 


A mVjj - Bjj 


— 2^ + K ly + U + 1C (t -t^)] ly ly 

v„K [1 + K (t -t ^ ^ 2 c x,xz X Z 

X X a 2 c.' 


A mv_ -■ B, 

. — 6 !; + K I + (1 + K. (t.-t )1 K 1^ I- 

v^K [1 + K (t,-t )] X % 2 c r,x8 X Z 

X X a c 




Thuse forces are calculated for each data point over a 30-sec period and then an 
average Is taken for the entire sample of approximately 150 points. Each test 
sample is begun only after all of the aircraft and CCW operating parameters 
have attained a stable condition. Although these aircraft parameters and hence 
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th« lo«di «r* not truly atatlc, th« variation la amall during tha aanpla parlod. 

Thla procadura of avaraglng tha larga numbar of data polnta ocqulrad during tha 
aampla parlod haa yleldad raaulta that art genarally rapaatabla within ±0.05X of tha 
naximun maaaurad forcaa. 

ayataw raaolutlon Tha data ayatam dlvldaa tha range of each parameter 
Into 1,024 parta, or counta, In order to digitally tranamit tha analog algnala from 
Ita Individual maaaurlng devlcaa. The effect of thla digitisation la to create dla- 
crete Incrementa In the transmitted value of each parameter that are a constant 
percentage of Ita full-scale range • Since the Input signal may cover any value In 
the parameter's range, the Incoming signal often will be between discretes or counts, 
and, hence, the next higher or lower value will be output Into the data stream. In 
the case of the load pads during the current test, this discrete Increment was about 
222 N (50 lb). Averaging a statistically meaningful sample of data tends to 
minimize the error Introduced by these fluctuations, particularly under truly static 
conditions. For example. It was possible to tell if the aircraft crew members were 
at their p*“oper stations (static measurements were not accomplished until they were). 
In addition, aircraft weight calculations based on load-pad readings were compared 
with weight readings measured with standard weight scales and were found to corre- 
late wlcnin 0.102. 

Small loads — Although the load pads and data system give highly accurate 
results with large loads, some problems occurred when the loading was very low. When 
the loads are approximately the same level as the increment value, 222 N (50 lb), 
the recorded values can vary by approximately ±1002 from the true value. This has a 
varying effect that depends on the type of load input and direction of loading. The 
major effect of this problem on the present program was that it made it impossible to 
measure CCW trailing edge turning without the USB engine running; as a result, no 
baseline CCW trailing edge data are presented. 


CCW TRAILING EDGE CALCULATIONS 


The Individual pressures and temperatures from the CCW plenum and the USB 
tral ling-edge pressure were sampled by the aircraft data system, displayed in real- 
time, and recorded for later processing. These parameters were sampled for 30 sec 
after they were stabilised on a test condition, at a sample rate of five points per 
spt'ond. The individual plenum temperatures and pressures were averaged for the data 
analysts. 

CC W jet velocit y the Jet velocity was calculated assuming an isentropic expan- 
sion from CCW plenum total conditions to free-stream static conditions: 


Vj - . (YRgTj)^^^ - j 


>•(: 

1:111 

r 

( 


_ 

. J 


It is realized that expansion to local static conditions at the jet exit gives a far 
more realistic value of Vj and that expansion to free-stream static pressure 
underestimates Vj and M j . However, local exit conditions are functions of local 
geometry - and thus a comparison of two blown airfoils of unlike tral ling-edge geom- 
etry hut with Identical slot areas, plenum pressures, and temperatures - would yield 
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unllk* value* of momentum coefficient! The momentum coefficient baaed on expansion 
to frea-atream conditions la thus accepted as a more "universal" parameter for com- 
parison of blown systems • 

CCW slot mas a flow - The mass flow to the CCW elot was provided by two aircraft 
ground-alr-supply carts. Because these carts are used daily for aircraft servicing, 
It was not possible to modify them to accurately measure their mass flow. Hence, 
the mass flows used in this analysis were calculated for Isentropic conditions as 
follows: 

Choked flow: 


^j^dlRgf 




y-fl 

2(y-1) 




Unchoked 'flow: 


. . _ 2y 

‘ -^J^d (Y-1) RgTj I Pj ) 


I±ll 

■ft)’ 


This mass calculation requires values of expanded slot height as a function of plenum 
pressure in order to accurately determine the CCW nozzle area, Aj. This slot height 
Is a function of both the plenum temperature and pressure, as noted earlier. Based 
on limited measurements, an extrapolated variation of the nozzle slot height is shown 
in figure 16 for the two nominal cold slot heights of 0.102 cm (0.040 in.) and 0.051 
cm (0.020 in.), respectively. The slot height values from this curve were used to 
make the momentum flux calculation contained in this report. 

AIRCRAFT EQUATIONS 

The locations and directions of the forces acting on the aircraft are shown in 
figure 17. 

Net axial force ~ The net axial force Is the sum of the axial forces measured by 
the load pads, corrected by the wind ram drag. 


Fj^ - Ixi + H; Y \ CO® ®w 


Note: If 0^^ is greater than 90® or less than -90® then the ram drag term is set 

equal to zero. 

Net lift - The net lift force on the aircraft is the sum of vertical forces as 
measured by the load pads corrected for the fuel used. 


where 


r, - L, + Lj. . Lj, - w, 


^fuel ^*fuel ^fuel 


I 4 


13 


ORIQINAL FAQI li 
or POOR QUALITY 


RaiuXtant force - Th« resultant force la 


F 


R 




1/2 


and the resultant angle Is 


0R « tan"l (Fg/Fx) 


parameters — The measured forces and engine parameters are corrected or 
referred to sea level standard day values in order to permit direct comparisons with 
other data from previous tests. The measured forces are corrected by the ratio of 
ambient barometric pressure to standard day sea level pressure; hence, the referred 
orce ■ measured force/ (P^/Pj.g£) . Similarly, the measured fan speed is corrected by 
the square root of the ratio of the ambient temperature to standard day temperature 
expressed in degrees Kelvin or Rankine: 


Ni 

referred 


Nj /S’? where 0 

measured 



RESULTS AND DISCUSSION 


Data from references 1-3 imply that CCW/USB thrust deflection is primarily a 
function of engine thrust level and characteristics of the CCW jet (principally Jet 
pressure and momentum). These parameters were thus of prime concern in the present 
investigations. 

level - Figures 18 and 19 present resultant thrust levels, produced by 
different amounts of CCW blcwing, as functions of engine installed thrust and power 
setting (percent fan rpm) . In those data, installed thrust is the static thrust of 
the M'-102 engine as Installed In the QSRA nacelle on the wing, with D-nozzle and 
vortex generators, and USB flaps set at zero deflection, and as recorded during run 6 
(pts 110-129) or the present investigation. Resultant thrust is determined from 
vertical and horizontal balance readings only, since the side-force component cannot 
be measured on the load pads. Thus, spanwlse thrust components are not included in 
installed or resultant thrust measurements. 

Deneotion angle - The resulting thrust-deflection angles as functions of the 
installed thrust for a nominal CCW slot height of 0.102 cm (0.040 in.) are compared 
with the convantional USB flap at zero deflection in figure 20. Tralllng-edge 
camber produced hy addition of the CCW device, with no blowing, yielded increases 
in thrust turning-angle, over the basic flep, of from 7« to 20«,' depending on thrust 
level. The addition of blowing produced thrust deflection angles up to 97® at low 
thrust settings, and 40® at maximum tlirust. The same data are plotted in terms of 
resultant thrust for h » 0.102 em (0.040 in.) in figure 21, and h - 0.051 cm 
(0.020 In.) in figure 22. 

Flguri' 19 implies tliat tiie resultant thrust at a constant power setting is 
reduced with increasing blowing pressure. However, as can be seen from figure 20, 
tiu' USB jet is also helng turned through a greater angle as blowing pressure 
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incr.ai.1. Ihl» USB J.t 

dlm.n.lon«l, with !„ af flclenty^whan turnlin thl. J«t, with 

span. Thara la uaually ac*a loaa In afflclancy^w 

lo8Ha« increaalng with angle for th . turning. Thle thruet loee could 

a altnllar mechanism Is affecting the ^CT/USB Jet Jurning. 

'ra«af Bu“aTo‘pa" K'ha« - advar.a atfaat undar tllBht condition, that 
require maximizing thrust (waveoff) . 

01 nn /1 52 nhewB increasing thruat-turning 
rrw momentum - Combining ^ height variation produces relatively 

with '"“Trph^^ressrre’required to produce a given momentum as slot 

little effect, other than in *=’^® P^®®®“i!neatized by plotting against engine 
area changes. These curves are . ^ - resultant thrust, as shown in figures 23 and 

Mach number near the CCW Tl and aSows th r is t- turning, as a function 

24. Figure 25 Is a f ^ of a percentage of installed thrust. 

Scrtloro? . 0 * 10 . hU.d re,ulre.oota for an Inatallad on-board 

SS cLt would replace the alr-srart carta. 

Thu poruntial tor efficient rrf^ot’tuf ?« 

figure 26, where the horizontal lift and drag would convert these 

various blowing 1 -els Addition left (or drag) side of 

to lift-drag polars, shifting all c ^ vertical (or lift) force could be main- 

-jn^r;hirh-HiLa f^r. 

l^!"ruuro:e“S;are ro’^nhlu without chaoBU^ln unBle of attach, and ru,ulrc 
no deflections of moving parts in the h g 

. visuaUzation of the CCW now--rning is prov^ rult^Ir^”" 

field on th.- surf.u-e of the CCW Lading forward. Evidence that large 

seen to turn to a nearly horizonta^^ 'entrained to* large deflections was observed in 
portions of the engine f U waved violently in the exhaust when 
motions of the grass behind f ^^‘"'Lowing increased. At higher blowing, objects 
^oL:L%roLfLir.rrearLLL C^rtrLung edge became violently disturbed, 

Thru» - Fihuro 28 ooopu- 

with fredlctod results based on ^ ii«h/A„o/ and mVi/Anoz* «bere 

results were scaled up based ^^uL areS! Thl predicted thJust- turning 

A is the engine h-nozzle effective .' e - ,.v,a Msher blowing case, but less 

aSgle slightly greater than facJLs relative to this performance, 

than that m.-asured at lower blowing. _ guidance In the development of future 

Lted during the Investigations, f a Jet slot that excited tan- 

conflguratliMis. Tlie CCW slot «PI’^ ' instead intersected the radius ahead of and 

gontlallv to the round trail ng static pressure differential 

below Che tangeney point. Thl. .* . turning ^ Experience has shown that at 

and less than optimum Jet let can occur If the geometry is suffi- 

highef pressures, complete det* .^nln rrW/USB bolt-on aluminum assembly was 

!:lLtl/mtsaUgned. ^ tLLL L a supS te^pLatures of 177;-C.1880C 

distorted wuen It was exposed ^ distortion of the very thin upper 

(i^O^F-l?!)"!’), as measured n * ^,,L„ise slot height distribution, as well 

slot Up could have produced Roference 9 indicates that large slot 

Luitl LluL i:?;LLLerL;;LoL:e serious deficiencies in Jet turning, or 
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even c.ui. co«pl«te J«t hi|h«"b2SiS|^pt«MUP«.* B**«d 

turning w»» p*n«ll*«d by trailing •“* * full-acala thrust daflsction at tha 

on ?ha low« Praa.ur. data, it vould app.ar pradictad valuaa 

2.089 X 10^ Pa (30.3 paig) Jg*n,d during thaaa teats to improva trailing-adga 

of figure 28, using tha axparience gainao ouir«m 

geometry or CCW/U8B integration. 


CONCLUDING REMARKS 


Full-scale thrust-deflection inveati|atih pnaumati- 

determine the effectiveness of the CCW/USB c^n^^P These teat 

cally, with no thoH fJom atnill-scale model Investigations conducted 

results compared favorably with th simulator. Full-scale variations in engine- 
by DTNSRDC using a cold-jet propulsi height have led to the following 

thrust level, CCW blowing pressure, and CCW slot g 

comments; x 

of 2 089 X 105 Pa (30.3 psig) t«1.82 kg/aec (4 Ibs/sec) slot 
1. A CCW pressure 2.089 10 ranging from 40® to 97®, 

weight flowl ^ a given power setting and as thrust turning was 

in /e.uuan. nhru.i v.lu«. 

behind a rurbofan engine at the lower tnru , , 

,i. Th.u>.t-turning valiius l;1gher teat 

paig) pressure may be possible „erc obtained from two engine-start 

article. For this teat, ^CM duct air P thus greater thrust turning, 

carts external to the aircraft. H g P . tegrated with the on-board engines. 

Sta:tfurnlnr»‘/t^"<>rder .'.d 

Should be achievable in actual practice. 

5. The potential for ® 

employed Is'f n«-Srg“arts Uef . 6)!''^?he°^^ pneumatic 

engines, has been proved o" ^cw with USB has been demonstrated statically in 

thrust deflection system using the ct.w wicn 

the current tests. 

The feasibility of this CCW/USB J°J^®^°tiXr^hr8t^Sr‘^d^ 

ttlity in controlling horizontal forces to prod controlled by changing the 

talnlng a constant large vertical thus allowing rapid readjust- 

amount of blowing, and of the load distribution on the wing. Dspanding 

ment of the spanwlse circulation and or cne 

vortex generators in the exhaust and a CCW span 
le.. rn‘’;.,r«S ™1he «hau;t bo.„ de,rad. CCW .hruac turaln,. 
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roriri.^j^':‘&-.;r.d‘;nsrf uprovid. ^ 

sjs:r£” ;£3:rt.;rt££r£:K£.i“*s™": s.... 

Additional static Investigations are 

turnlnK with hardware improvements and with a smaller traillng-edge 

flifornitive tralllnR-edge radius will have a low cruise drag* thereby allowing » 
alternative trailing eg ^ further increase system 

sSua?;! u ”* 

def lectlng-system. 
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Figure 1. Quiet Short-flaui leeeerch Aircraft. 







Figure 3> CCtf/USB thrust deflector and lift augnentatlon concept* 



CCW and CCM/USB STOL aircraft proposed by DTNSRDC. 









































Topvlew of QSKA showlxig engine nozzle 
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Figure 9. Detail drawing of circulation control wing (COO trailli^ edge. 
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ORIGINAL PACr 

BLACK AND WHITE PHOTOQRAk-K 



static stands with CCV/im 




I 

Figure 1 '• ( i',u s !tist;illrii mi li'.ul pad*. 

n 



i 


r 


ORIGINAL PAGE 

BLACK AND WMTE PHOTOGRAPH 




snstssss 


MEASURED 7/30/81 WITH PRESSURE 
AND TEMPERATURE (-aSO^F) 


(hi* 0.049 In. AFTER PRESSURE 
' turned OFF. BUT STILL HOT) 



Vlnure ib. QSRA CcnJ/USH moasured and extrapolated TCW slot height 




RESULTANT' " 


‘'^PUAUTV 


hj^OM ” 

GROUND 

PTS hj, in. PccW'(**^B CARTS 

O 18-29 0.067 30.3 2 

□ 32-44 0.060 12.1 1 

O 110-129 Q8RA.6y3Q-0” 






CCW/USB 


20 30 40 50 60 70 80 90 

POWER SETTING, % N<| 


Figure 18. CCW/USB Power setting vs. resultsnt thrust. 
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THRUST TURNING W.R.T. HORIZONTAL. Or. 
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I'NOM * 0'®^® 

GROUND 

PT8 hj, In. PccW'P*** fnVJ.lb CARTS 

O 18-29 0.067 30.3 4.04 213.2 2 

□ 32-44 0.080 12.1 1.87 72.06 1 

A 110-129 0.040 0 0 0 0 

Q 110-129 Q8RA, fiysB “ ®“' ^ 



INSTALLED THRUST, ONE ENGINE, N X 10"® 


Figure 20. qSRA CCW/USB Static thrust turning vs. installed thrust 



THRUST TURNING W.R.T. HORIZONTAL. Ar. deg 
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Figure 23. 
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Figure 24. 
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GROUND 

PT8 hj, In. Pccw> P*<fl IWwo CARTS 


O 47-69 0.060 33.6 3.32 2 

□ 63-76 0.037 18.7 1.72 1 



GROUND 

PTS hj, in. Pccw» P*'9 Ib/iec CARTS 

O 18-29 0.067 30.3 4.04 2 

□ 32-44 0.060 12.1 1.87 1 

A 1.-17 0.040 0 0 0 

Q 110-129 QSRA, AySB >=0“ (NOCCW) 

O QSRA, fiysB - 66^' (NO CCW) 



I I 1 I . - I . J 

0 6 10 15 20 26 30 

HORIZONTAL FORCE, N \ 10~3 


FlKure 2b, (^SRA CC’W/liSB Static thrust components. 



Figure 27. Flow turning end thrust deflection 
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,11 — measured, PT8 1844, Q8RA CCW/USB 

• ... predicted from W.T. data (REF 3) 



riRure 2ft. QSRA CCW/USB Stfitlc thrust turnlnR, predicted vs. measured 
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